Effects of membrane polarization and ischaemia on the excitability properties of human motor axons.
Multiple nerve excitability measurements have been proposed for clinical testing of nerve function, since excitability measures can provide evidence of altered axonal membrane properties and are complementary to conventional nerve conduction studies. An important determinant of excitability is membrane potential, and this study was undertaken to determine the changes in a range of excitability properties associated with alterations in membrane potential. Membrane potential was varied directly using DC polarizing currents and indirectly by ischaemia. The median nerve was stimulated at the wrist and the resultant compound muscle action potentials recorded from abductor pollicis brevis. Stimulus-response behaviour, strength-duration time constant (tau(SD)), threshold electrotonus to 100-ms polarizing currents, a current-threshold relationship and the recovery of excitability following supramaximal activation were each followed in four normal subjects during the two manoeuvres, using a recently described protocol. Membrane depolarization and ischaemia produced an increase in axonal excitability, an increase in the slope of the current-threshold relationship, a 'fanning in' of responses during threshold electrotonus, a decrease in super-excitability, and increases in both tau(SD) and the refractory period. Changes in the opposite direction occurred with membrane hyperpolarization and during the post-ischaemic period. One excitability parameter differentiated between the direct and indirect changes in membrane potential: late subexcitability was sensitive to polarizing currents but relatively insensitive to ischaemia, probably because of compensatory changes in extracellular potassium ions. These results should enable multiple excitability measurements to be used as a tool to identify changes in axonal membrane potential in neuropathy.